| INTRODUC TI ON
The genus Dracaena Vand. ex L. belongs to the family Asparagaceae (APG III, 2009) . It is considered to be monophyletic based on molecular studies (Lu & Morden, 2010) and comprises approximately 116 species (Govaerts et al. 2018) . Dracaena is distributed in subtropical and tropical regions of the world. Most species are found in Africa, Madagascar, and Asia, and the remainder are found in Socotra, the Mediterranean region, Macaronesia, Central America, Cuba, Micronesia, Australia, and the Pacific Islands (Bos, 1998; Marrero, Almeida, & González-Martín, 1998; Staples & Herbst, 2005) . Approximately 63 species of Dracaena occur in Africa (incl.
Madagascar) (Damen, Burg, Wiland-Szymańska, & Sosef, 2018) .
Three of them belong to a group of dragon trees found in semiarid and subtropical climates (Marrero et al., 1998) . The rest are connected with humid habitats (Bos, 1984; Pierzchalska, Nowak, Wilkin, Mwachala, & Wiland-Szymańska, 2014) .
The species of the genus Dracaena are among the most important ornamental plants in the world due to their various leaf shapes and colorations as well as their resistance to indoor conditions (Bos, 1984; Singh & Dadlani, 2000) . Some species of Dracaena produce chemicals valued in medicine and cosmetology, as well as in traditional healing. The best examples are Dracaena draco L., D. cinnabari Balf. f., and D. ombet Heuglin ex Kotschy and Peyr., which produce a resin called "dragon's blood" (Elnoby, Moustafa, & Mansour, 2017; Jura-Morawiec & Tulik, 2016) , as well as D. mannii Baker and D. arborea (Wild.) Link (Okunji, Iwu, Jackson, & Tally, 1996) . Dracaena species also play a role as markers of borders and other socially important sites in Africa (Sheridan, 2008) .
Spontaneously regenerating D. afromontana is utilized by farmers
as a plant that provides ecosystem services on coffee plantations in Rwanda (Smith, Gassner, Agaba, Nansamba, & Sinclair, 2018) .
Fruits of Dracaena are forage for birds and mammals (González-Castro, Pérez-Pérez, Romero, & Nogales, 2019) . In spite of its importance, the taxonomy and distribution of the genus Dracaena are not fully known, and recent works stress the need for further investigations of this genus (Damen et al., 2018; Pierzchalska et al., 2014) . The habitat preferences of African Dracaena species have not been studied except for those of D. ombet (Robiansyah & Hajar, 2017) . However, the difficulty of performing a continental-scale, systematic botanical study in Africa (e.g., due to staff, funding and accessibility limitations) negatively impacts our understanding of the current distribution of Dracaena species on this continent. Increasing anthropogenic impact (e.g., cultivating ornamental plants) also prevents a reliable assessment of the current distribution of plants, especially those connected with fragile and overexploited habitats, for example, the equatorial forest (Ahmed & Mlay, 1998) . The scarcity of botanical data acquired during planned botanical surveys can be overcome by historical herbarium materials that have been collected over decades. Gathering records from numerous herbaria worldwide may shed light on the current and future potential distribution of plant species when applying specially designed mathematical methods (Crawford & Hoagland, 2009; Elith & Leathwick, 2007) .
Global climate variability is recognized as one of the main causes of changes in the spatial distribution of plants (Costion et al., 2015; Kelly & Goulden, 2008) . One of the most susceptible ecosystems is the tropical forest, broadly defined as an area with tree canopy >5 m tall covering at least 10% of more than 0.5 ha surface and located between the tropics of Cancer and Capricorn (FAO, 2001 ).
Tropical forests are global hotspots of biodiversity and significant modulators of climate change but are also among the most vulnerable ecosystems worldwide. Among them are rainforests or equatorial forests which are relatively dense, tall, and evergreen broadleaf forests with a high number of tree species growing in a moist environment (Lewis, 2006; Ter Steege et al., 2003) . In recent years, these ecosystems have been decreasing due to logging and mining activities that lead to further land degradation and land use change over time (Laurance & Cochrane, 2001) . However, even the apparently intact forest areas have been altered, especially in their physiology and ecology. A "CO 2 fertilization" hypothesis suggests that the productivity and growth rate of tropical forests increase due to the higher amount of CO 2 (originating from the combustion of fossil fuels) available for photosynthesis (Lloyd & Farquhar, 2008) . It has been found that the dry biomass of trees in tropical rainforests increased by approximately 1 Mg ha −1 year −1 in last 20 years of the 20th century (Baker et al., 2004) . One of the effects of this biomass increase will be a faster plant life cycle, a higher tree mortality rate, and consequently a more frequent occurrence of canopy gaps. This, in turn, will favor light-demanding species and would be a limiting factor for shade-demanding species such as forest undergrowth plants (Lewis, 2006; Lewis, Malhi, & Phillips, 2004) . Therefore, there is a risk of the decline in forest undergrowth plant populations, even when located in intact rainforests far from direct human impacts.
In this study, we investigated three Dracaena species that belong to this group of plants. They can serve as a proxy for other shade-tolerant understory species.
The "CO 2 fertilization" hypothesis is still broadly discussed worldwide, as there is also evidence that the aboveground net primary productivity in equatorial forests does not increase, despite the distinct increase in CO 2 concentration in recent years (Clark, Clark, & Oberbauer, 2013 (James, Washington, & Rowell, 2013) . Additionally, long-term satellite multisensor measurements of the vegetation conditions in equatorial forests show that forest greenness is declining in most parts of the African equatorial forest (Zhou et al., 2014) . This photosynthetic capacity loss can be attributed to the drying tendency, which, consequently, may lead to modification of the forest species composition by favoring drought-tolerant species (Fauset et al., 2012; Lewis, 2006) . In this case, forest undergrowth plants that are typically adjusted to shady, wet environments will be more endangered.
Therefore, regardless of whether the future conditions of tropical forests follow the trend of the "CO 2 fertilization" hypothesis, the number and strength of threats to forest understory plants seem to be increasing more rapidly than for other ecological groups of plants in equatorial forests.
Therefore, the potential ranges of three Dracaena species growing as understory plants in equatorial forests were modeled in this study. A general purpose of species distribution modeling (SDM) is to estimate the potential geographical distribution of species based on the environmental conditions recorded at species record locations. For presence-absence data, it is possible to apply traditional ecological modeling techniques, such as GLM (generalized linear models), GAM (general additive models), and others (Franklin & Miller, 2009) . Presence-absence data could be collected in a systematic, planned botanical study, which is frequently difficult due to time, funding, and staff limitations and to political situations (Elith et al., 2006) . In contrast, presence-only data are much easier to obtain but are more difficult to reliably use in SDM (Fithian & Hastie, 2013) . To account for the frequent lack of the absence data, so-called pseudo-absence or background data are usually simulated, for example, using a Maxent model that is particularly designed for presence-background data (Phillips, Anderson, & Schapire, 2006; Phillips & Dudik, 2008) . A Maxent model is able to predict not only the current species occurrence probability but also the probability in past and future climates (Febbraro et al., 2017; Kukwa & Kolanowska, 2016) . Recently, the future climate change scenario generation process has been redesigned from a sequential to a parallel approach. The latter approach starts with the target radiative forcing in the year 2,100 and assumes that different combinations of affecting factors (e.g., policy, economy, land use changes) may contribute to the same target level. There are four main representative concentration pathways (RCPs) that generally reflect radiative forcing continuously rising (RCP 8.5), stabilizing (RCP 6.0 and RCP 4.5) or reaching a peak, and then declining (RCP 2.6) (Moss et al., 2010) .
Considering the previously stated need to assess the influence of climate change on a vulnerable ecological group of plants (forest undergrowth species), we specified the following hypothesis for this study: As a representation of forest undergrowth plants, three selected Dracaena species will be dramatically affected by climate change-induced loss of potential habitats, and therefore, a large proportion of the current potential range will be eliminated in the near future. To assess the future distribution patterns of the species in Figure 1 ) (Kelbessa, Kalema, & Crook, 2013) . Dracaena camerooniana is a branched shrub with cane-like shoots, 0.3-8 m in height, growing in Central and West Africa (Figure 1 ) (Damen et al., 2018) .
Both species are listed on the IUCN Red List as species of Least
Concern (Crook, 2013; Kelbessa et al., 2013) . Dracaena surculosa is also a branched shrub, 1-8 m in height naturally, that grows in West Africa ( Figure 1 ) and is widely cultivated as an ornamental plant (Bos, 1984) . More detailed information about the species studied can be found in Mwachala (2005) .
Occurrence records originated from 93 herbaria around the world (a complete list in Appendix S1; abbreviations according to Thiers, 2018) . We only took records of specimens that we had seen and that have an exact specified location in the wild (coordinates 
| Species distribution modeling
Maxent, a machine learning technique using a maximum entropy approach, has been used in this study. It generally means that of the different possible probability distribution functions describing and explaining the data, the most appropriate one is the distribution with maximal entropy within a set of constraints (Elith et al., 2011; Jaines, 1957) . Maxent model results are presented in a readily interpretable logistic format that indicates areas with higher and lower probabilities of species occurrence. Maxent is considered to have comparable or better quality than other models of this type applied to presencebackground data in SDM (Elith et al., 2006) . We used the Maxent software, version 3.3.3k (Phillips et al., 2006; Phillips & Dudik, 2008) with the default parameters because they have been validated over many species and environmental variables, various sample sizes, and biases (Elith et al., 2011) . The convergence threshold, maximum number of iterations, maximum number of background points for creating background data, and prevalence were set to 10 −5 , 5 × 10 2 , 10 4 and 5 × 10 −1 , respectively.
The goodness-of-fit of the SDM models calibrated in this study was tested using the approach of a receiver operating characteristic (ROC) curve that shows the interdependence between true positive (sensitivity) and false positive (1-specificity) rates of presence/background events of the observed/predicted data. The area under the ROC curve (AUC) was used as a measure for model accuracy. The AUC provides a simple numerical value (varying from 0.5-no predictive power-to 1-perfect discrimination) that quantifies the location of the ROC curve to a diagonal that describes a random model (Hanley & McNeil, 1982) . The final testing AUC value for a particular species distribution model was obtained by 10-fold cross-validation (Christensen, 2002) . The testing AUC values were justified according to the traditional classification of the model performance (Swets, 1988) : poor (AUC = 0.5-0.6), fair (0.6-0.7), good (0.7-0.8), very good (0.8-0.9), and excellent (0.9-1).
| Environmental variables
To define the ecological requirements and niches of the three Dracaena species, we used the bioclimatic variables from the Worldclim data- (Pearson & Dawson, 2003) . In contrast, the present study area comprises a large part of the African continent, and the herbarium records came from the entire known range of the selected Dracaena species, which improves the scientific value of the species distribution modeling (Cuyckens, Christie, Domic, Malizia, & Renison, 2016) . Thus, we decided to focus on carefully selected bioclimatic variables only.
A relative contribution of variables to the overall Maxent model performance has been checked to identify the factors most likely limiting the occurrence of the Dracaena species studied. Two measures of the variable importance were (a) the permutation importance of 
| Climate change scenarios, climate model
From four main existing representative concentration pathways (RCPs), we selected the best and the worst scenarios, called RCP 2.6
and RCP 8.5, respectively (Moss et al., 2010) . By considering two opposite climate change scenarios, we were able to capture the possible variability (maximum-minimum interval) in future distribution changes of the three species of Dracaena studied.
To predict the future potential distributions of the three Dracaena species, we used projections of the Worldclim bioclimatic variables (Hijmans et al., 2005) calculated from future climate projections within the framework of the Coupled Model Intercomparison Project
Phase 5 (CMIP5) (Taylor, Stouffer, & Meehl, 2012) . The HadGEM2-ES model (Collins et al., 2011) was selected for the present study based on the recommendation of this model to predict future temperature and precipitation changes in Africa (Dike et al., 2015) . Other studies, such as that of Brands, Herrera, Fernandez, and Gutierrez (2013) , confirmed that HadGEM2-ES outperforms other models gathered in CMIP5 when compared for Africa.
| Environmental niche mapping
The current and future potential distribution of the three Dracaena species was mapped using the maximum sensitivity + specificity logistic threshold (max SSS). This parameter is based on maximizing the sum of sensitivity and specificity and is recommended for use to binarize the occurrence probabilities (Liu, White, & Newell, 2013 and 
| Potential optimum conditions
The occurrence of D. afromontana was directly related to temp_wet and temp_dry. Occurrence probability sharply increased when these two variables were lower than 20°C and 15°C, respectively.
In turn, the occurrence probability of D. camerooniana distinctly increased when prec_wet was >750 mm, prec_var was <70 mm, and temp_range was 6-8°C. In D. surculosa, the optimum conditions occurred when prec_cold exceeded 1,300 mm and prec_dry exceeded 430 mm (Figure 4 ).
| Current potential distribution
Dracaena afromontana records were located mainly at higher alti- Figure 5 , Table S3 .1 in Appendix S3).
The current potential range of D. camerooniana covered 2,698,500 km 2 , mainly in the following countries: DR Congo (35.6% of current potential range), Congo (11.4%), Cameroon (9.6%), and Gabon (9.5%). Cameroon (185), DR Congo (179), and Gabon (129) had the most record locations in their territory, but the highest record density was noted in Equatorial Guinea (7.46 per 10,000 km 2 of country area) (Table 3, Figure 5 , Table S3 .2 in Appendix S3).
The estimated D. surculosa current potential range covered 1,028,400 km 2 , primarily in Ivory Coast (18.8%), Nigeria (18,8%), Ghana (12,3%), and Cameroon (11.8%). Most herbarium records originated from Ivory Coast, and this country also had the highest record density (4.21 per 10,000 km 2 of country area) (Table 3, Figure 5 , Table S3 .3 in Appendix S3).
| Future potential distribution
Regardless of the climate change scenario, the area potentially occupied by D. afromontana and D. camerooniana is predicted to be markedly reduced by 2050 (Figure 6a-d) . The former species seems to be even less resistant to climate warming than the latter; its potential distribution may be reduced by 56.3% in the RCP 2.6 scenario and 63.7% in the RCP 8.5 scenario (Table 3) scenario, the median current potential distribution of this species is predicted to be almost two times larger than at present, with especially high increases in Ivory Coast, Cameroon, and Liberia. In Ghana and Sierra Leone, the D. surculosa area increases only if the RCP 8.5
scenario is applied. In addition, the D. surculosa area in Nigeria is expected to only slightly increase regardless of the climate change scenario (Table 3, Figure S3 .2).
| D ISCUSS I ON AND CON CLUS I ON S

| Potential distribution modeling in Dracaena species
To date, the potential impact of climate change on the Dracaena species has been analyzed only for two species from the "dragon tree"
group: Dracaena cinnabari Balf.f. from Socotra (Yemen), and Dracaena ombet Kotschy and Peyr. from northeastern Africa (Attorre et al., 2007; Robiansyah & Hajar, 2017 in the desert mountains of northeastern Africa, so the geographical distribution of the species is poorly known (Elnoby et al., 2017) .
Furthermore, although D. ombet is well adjusted to drought conditions, the future potential extent of this species markedly decreases (Robiansyah & Hajar, 2017) . These authors obtained a satisfactory model (AUC = 0.979) despite the study being based on only 24 location records. However, the AUC values for the testing set have not been given, and thus, it is difficult to estimate the real predictive power of this model. In contrast, in our study, we used many more locations (at least 122 records for D. afromontana), and our model was of a similar quality at training set (AUC = 0.981 and AUC = 0.966, for test and training set, respectively). A similar methodology, but using regression tree analysis instead of Maxent, has been used to assess the changes in the potential distribution of D. cinnabari in Socotra (Attorre et al., 2007) . It turned out that this species is also predicted to lose its potential habitat in the future.
The species D. cinnabari and D. ombet are considered remnants from the Mio-Pliocene subtropical forests and are considered close to extinction because of the late Pliocene climate changes causing the drying and desertification of northwestern Africa (Mies, 1996) . The question is whether the forest understory plants from the Dracaena genus growing in tropical Africa will be affected by such dramatic climate changes, which will possibly lead to their extinction. Until now, Dracaena forest undergrowth plants were not studied in this way (Pierzchalska et al., 2014) . In this study, we chose three endemic African forest undergrowth species characterized by different distributions within the continent but connected with humid habitats. We examined the next 30 years of projected climate changes and showed that selected species respond differently to the climatic signal. D. afromontana habitat area will decrease over 50% until 2050 according to both RCP 2.6 and RCP 8.5. We documented that the optimum temperature in the wettest quarter for this species does not exceed 20°C. However, the climatic projections for the region indicate an increase in temperature (Engelbrecht et al., 2015) .
Thus, the minimum altitude at which D. afromontana could grow is increasing. This phenomenon results in a reduction of the area of potential habitats of D. afromontana. In contrast, there is evidence that D. afromontana may be grown by farmers as a fence or boundary marker (Sheridan, 2008) , which may be the reason that the number of locations of this species will not decrease as rapidly as predicted.
Nevertheless, we predicted a future loss of or decrease in potential natural D. afromontana habitats. Currently, the status of D. afromontana on the IUCN Red list is of Least Concern because the population is relatively stable in Eastern Africa (Kelbessa et al., 2013 (Crook, 2013) . We suggest that forest loss may exert a stronger impact than climate warming in the near future.
In contrast to the previous species, the range of D. surculosa is predicted to increase under both climate conditions analyzed. In particular, an expansion toward Central Africa is expected. We documented that low temperature and precipitation can limit the growth of D. surculosa, but the predicted future changes result in the opposite conditions, so we assume that this species is not endangered when considering climatic factors only.
| Discrepancies between the number of herbarium records and current potential distribution
In some countries, relatively few locations of Dracaena species were recorded. Nevertheless, the record density per 10,000 km 2 was higher than that in the remaining countries. This was the case with
D. afromontana in Burundi and Rwanda, D. camerooniana in Equatorial
Guinea, and D. surculosa in Liberia and Sierra Leone. This result may imply that these countries have been well surveyed for Dracaena species. The common feature of the mentioned countries is that they are rather small and are located in the center of the known geographic ranges of the particular Dracaena species. Thus, large parts of these countries constitute suitable habitats for the species, which is another explanation of the high record density in these countries.
We noted that the current potential distribution range was also to be dependent on primates, birds, and rodents for successful seed dispersal (Bollen & Van Elsacker, 2002; González-Castro et al., 2019; Mwachala, 2005 
| CON CLUDING REMARK S
An understanding, documentation, and recognition of all plant diversity is one of the targets of the Global Strategy for Plant Conservation, which is a program of the Convention on Biological Diversity (http://www.plant s2020.net/about-the-gspc/). There is a need to understand the ecology and habitat requirements of species closely related to cultivated plants, also ornamental plants. The importance of such studies is connected with possible resistance to pests and diseases, which is present in wild species but might not be found in the genomes of the cultivated species. Defining the ecogeographic characteristics of such species can lead to the characterization of such potentially important adaptive traits (Heywood, Casas, Ford-Lloyd, Kell, & Maxted, 2007) . In examining the distribution of Dracaena species, one needs, however, to remember that the cultural significance of this genus in Africa is immense, and some species, for example, D. arborea, are planted on purpose in populated areas to mark boundaries, grave sites, and other important places (Sheridan, 2008) . Additionally, D. afromontana is known to occur in farmlands in Rwanda, where this species is used as a source of fiber (Smith et al., 2018) . The list of the species used for different cultural and traditional purposes is so far incomplete, except for the information which can be gathered from the herbarium sheets.
To conclude, this is the first study to estimate the current and future (year 2050) potential distribution of the selected forest undergrowth Dracaena Vand. ex L. species. For D. afromontana Mildbr., D. camerooniana Baker, and D. surculosa Lindl., we showed how the probability of species occurrence changes throughout Africa. The outcome shows that species occupying similar habitats may differently respond to similar climatic changes. While the first two species show a decrease in their ranges, the latter actually gains niches with projected climate changes. Moreover, the great importance of Dracaena species in human cultivation and culture might add positively to their distribution in anthropogenic habitats. More studies concerning spatial distribution and its future changes in Dracaena species are needed, as this understanding is necessary for the protection of these important iconic species and the richest diversity centers of these useful plants.
This understanding is also potentially helpful to assess the climate change vulnerability of the entire group of forest undergrowth plants.
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